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Abstract
Aim: Given the myriad of negative sequalae associated with cancer and its treatment, the palliative use of 
cannabis by cancer patients is increasingly of special interest. This research sought to explore associations 
of acute and sustained use of legal market edible cannabis products on pain, cognition, and quality of life in a 
group of cancer patients.
Methods: In this observational study, cancer patients completed a baseline appointment, a two-week ad libitum 
cannabis use period, and an acute administration appointment that included assessments before cannabis 
use, one-hour post-use, and two-hour post-use. Participants completed self-report questionnaires related 
to the primary outcomes and the Stroop task as a measure of objective cognitive function.
Results: Twenty-five participants [mean (standard deviation, SD) age = 54.3 years (15.6); 13 females 
(52.0%)] completed all study appointments and were included in the analysis. Sustained cannabis use 
was associated with improvements in pain intensity, pain interference, sleep quality, subjective cognitive 
function, and reaction times in the Stroop task, but no change in general quality of life was observed. High 
levels of cannabidiol (CBD) use during the two-week ad libitum use period was associated with steeper 
improvements in pain intensity and sleep quality. Participants reported improvements in pain intensity and 
increased feelings of subjective high after acute use. High levels of ∆9-tetrahydrocannabinol (THC) use during 
the acute administration appointment was associated with steeper increases in feelings of subjective high. 
Improvements in pain were associated with improvements in subjective cognitive function.
Conclusions: This observational study is among the first of its kind to examine associations between legal 
market, palliative cannabis use, and subjective and objective outcomes among cancer patients. These 
early findings concerning pain intensity, sleep quality, and cognitive function can help to inform future, 
fully powered studies of this important topic (ClinicalTrials.gov identifier: NCT03617692).
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Introduction
The World Health Organization estimates that one in five people will develop cancer in their lifetime [1]. 
With more advanced treatments, rates of cure and extension of life are higher than ever before [2]. However, 
many cancer treatments, such as chemotherapy or radiation, as well as the experience of cancer itself, come 
with a range of debilitating cognitive, emotional, and physical symptoms. Given the myriad of negative 
sequalae associated with cancer and its treatment, palliative care is of special interest in cancer research [3].

Among the forms of palliative care used today, one of the most popular options in recent years has 
been the use of cannabis products. In fact, cancer is an indication for medical cannabis use in most U.S. states 
with comprehensive medical cannabis programs, and surveys in the U.S., Israel, and Canada suggest that as 
many as 40% of cancer patients use cannabis [4–6]. In one study of 926 cancer patients, 66% had previously 
tried cannabis and 24% were current regular users [7]. A survey of oncologists showed general support 
for the use of cannabis in both adults and children with cancer, but only 30% felt “sufficiently informed” to 
provide recommendations to their patients about cannabis use [8]. Thus, while cancer patients want to 
use and are using cannabis, they often do so without any guidance from their clinicians about what to take, 
how much to take, and how often to take it [9].

Cannabis research is complicated by its classification as a Schedule 1 substance under the Controlled 
Substances Act, limiting the ability of researchers to study its effects in a controlled laboratory 
environment [10]. Existing clinical research on cannabis use among cancer patients mostly examines the 
effects of synthetic cannabinoids such as nabilone or dronabinol [11]. These studies of synthetic cannabinoids 
lack ecological validity as most cancer patients use state-legal market cannabis products [12]. Compared to 
pharmaceutical synthetic formulations, legal market products range widely in their formulation (e.g., edible, 
flower, concentrate) and cannabinoid composition [e.g., the potency of ∆9-tetrahydrocannabinol (THC) and 
cannabidiol (CBD)]. As such, studies that examine the effects of state-legal market cannabis products are 
critically needed, especially in the context of palliative care among cancer patients.

Cancer diagnoses and the treatment plans that come with them are inherently stressful, and many 
cancer patients experience elevated stress and anxiety [13–15], as well as high levels of pain and/or sleep 
disruption [16–18]. Surveys suggest prevalence rates of pain near 53% among cancer survivors [19], 59% 
for those in active treatment [19], and rates of sleep problems ranging from 30% to 87% [20]. Among the 
many barriers to effective symptom management in cancer palliative care [21], there is some research 
to suggest that cancer patients will deliberately choose to forego additional medication (e.g., opioids) 
due to fears around addiction, mental fog, or other side effects [22–24].

Cancer patients increasingly report turning to legal market cannabis for pain, stress, and sleep problems, 
with the majority reporting at least moderate benefits [7]. Recent literature suggests that there is evidence 
that cannabis use can alleviate anxiety, reduce pain, and improve sleep in cancer patients [12, 25–28], and 
that its use is largely safe, effective, and well-tolerated [29]. One study among Israeli cancer patients before 
and six to eight weeks after they received a medical cannabis license found reductions in self-reported mood 
disorders, sleep disorders, and pain [30]. Likewise, among a sample of patients with a current or previous 
diagnosis of cancer, medical cannabis resulted in improvements in pain, depression, anxiety, and sleep 
problems, though these did not reach statistical significance [26]. Though existing research is equivocal as to 
whether cannabis is an appropriate treatment for pain [31, 32] or sleep [33], the literature to date suggests 
that cannabis has potential and should be further explored as a contribution to palliative cancer care.

It is also important to consider the potential negative effects of cannabis use on cognition. Acute use of 
cannabis can temporarily compromise cognitive function [34], while evidence regarding the long-term effect 
of cannabis on cognitive function is mixed. For instance, although one study found no evidence of long-term 
deficits in working memory and selective attention [35], a recent review suggested that decision-making, 
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concept formation, and planning were harmed by long-term cannabis use but basic attentional and working 
memory abilities can be recovered upon cessation of use [36]. This discrepancy may be due to differences 
in cannabinoid content as studies suggest that while THC is associated with memory and other cognitive 
impairment [34, 36–38], CBD may attenuate THC’s negative effects [39, 40].

Cancer patients may experience reduced cognitive functioning in the context of treatment (e.g., 
chemotherapy) [41–44], and report that one of their greatest concerns are changes to their cognitive 
abilities [45–47]. Cancer patients are also faced with both self-regulatory challenges (i.e., adhering to 
complicated drug regimens, healthy eating, and exercising to reduce fatigue) and cognitively taxing decisions 
(e.g., weighing the pros and cons of treatment options) that rely on high-level working memory and executive 
function processes [48]. Finally, subjective patient reports of cognitive difficulties are often discrepant from 
their performance on objective measures of cognition [49], making it essential to examine the impact of 
cannabis use on both objective and subjective cognitive function in this population.

Overall, cannabis use in the context of cancer-related palliative care is rapidly increasing, but the field lags 
in providing empirical data to inform patient and provider decisions as to the risks and benefits of cannabis use. 
Thus, the objectives of this study were to (1) explore the feasibility of an observational study of cancer patients 
who wish to use legal market edible cannabis products to treat symptoms associated with their cancer or its 
treatment; (2) evaluate the acute associations of legal market edible cannabis products with cancer patients’ 
pain, anxiety, and cognition; and (3) explore the relationship of sustained (two-week) use of legal market edible 
cannabis products with cancer patients’ pain, anxiety, sleep quality, and objective and subjective cognitive 
function. It was hypothesized that cannabis use would be associated with decreased pain and anxiety, as well as 
acutely worse objective cognitive functioning. Tests of the relationship of cannabis use to sleep quality, subjective 
cognitive function, as well as the potentially differential effects of THC and CBD were considered exploratory.

Materials and methods
Participants
The study was initially approved by the Colorado Multiple Institutional Review Board (COMIRB Panel D IRB 
number: IRB00002760) in August 2018 and registered as an observational study on www.clinicaltrials.gov 
(NCT03617692). Participants were recruited with advertisements placed in local oncology clinics, mailed 
advertisements, and posts on social media. Participants were compensated with grocery store gift cards for 
completion of the baseline ($60) and acute administration ($100) appointments.

Trained research staff screened participants via telephone for the following inclusion criteria: (1) stated 
willingness to comply with all study procedures and be available for the duration of the study; (2) aged 
21 years or older; (3) have a diagnosis of any solid tumor type and has undergone or is undergoing either 
curative or palliative treatment; (4) have the intent to use cannabis to treat their symptoms; (5) no use of 
other non-prescription drugs of abuse (e.g., cocaine, heroin, or methamphetamine) in the past 60 days; (6) 
not actively seeking or in treatment for any substance use disorder; (7) no acute illness other than cancer 
that could affect cognition or compliance per the decision of the study physician; (8) not pregnant or trying 
to become pregnant; and (9) score better than 20 (above the moderately to the severely impaired range) 
on the Telephone Interview for Cognitive Status [50]. Participants did not need to be naive to cannabis 
to participate in the study. Participants were subject to polypharmacy while participating in the study 
and were not given instructions about prescription medication use from research staff.

Changes to the eligibility criteria were made after the study’s commencement to enhance recruitment. 
Specifically, the allowed cancer diagnoses were expanded from including only lung cancer patients to including 
any solid tumor type. As a result, only edible cannabis products were allowed in the present study because the 
original design did not allow the use of inhaled cannabis products in the lung cancer patient population.

Due to the spread of coronavirus disease 2019 (COVID-19), the study transitioned from an in-person 
to a remote modality to reduce the risk of exposure. Remote participants (n = 17) interacted with research 
staff via Zoom or over the phone during study appointments and completed all the same procedures 
and measures as in-person participants (n = 11) with the exception that remote participants did not 
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have blood collected. All study data were collected and managed using Research Electronic Data Capture 
(REDCap) electronic capture tools hosted at the Colorado Clinical and Translational Sciences Institute [51].

Baseline appointment
In-person participants provided written informed consent at the University of Colorado Boulder. Remote 
participants provided electronic informed consent via REDCap. Female participants of child-bearing 
age completed a urine pregnancy test to verify eligibility (research staff delivered a urine receptacle to 
remote participants). All participants completed self-report questionnaires and a measure of objective 
cognitive function. Participants were then provided with basic information about edible cannabis products, 
including examples of commonly found products, their various cannabinoid profiles, safety guidelines 
for use, approximate prices, and locations where these products can be purchased. Research staff also 
conducted a medical record review for demographic information and cancer diagnosis.

Two-week ad libitum use period
Following the baseline appointment, participants purchased the edible cannabis product of their choice from 
the local medical or recreational dispensary of their choice and used the product ad libitum for two weeks 
without any instruction from research staff about dosing or frequency. Participants were asked to not use 
any other cannabis products during this two-week period. Participants submitted photos of their cannabis 
product and its state-required label that details the cannabinoid content of the product via an online REDCap 
survey. A member of the research staff not responsible for data collection managed the product photo surveys 
to keep the research staff responsible for data collection blind to the products selected by participants.

Acute administration appointment
Participants were instructed to not use any cannabis on the day of the acute administration appointment 
before it was scheduled to begin. The acute administration appointment included three rounds of assessments: 
(1) pre-use; (2) one-hour post-cannabis use; and (3) two-hour post-cannabis use, as previous research 
supports circulating cannabinoids peaking approximately two hours following oral cannabis ingestion [52–54]. 
In-person participants ingested their edible cannabis products in their homes but completed all assessments 
in a federally compliant, university-approved mobile pharmacology laboratory, as described in a previous 
publication [55]. Remote participants completed the entirety of the acute administration appointment in 
their homes, communicating with the research staff via Zoom or over the phone during assessments.

The pre-use assessment included self-report questionnaires and a measure of objective cognitive 
function. In-person participants also completed a blood draw for circulating cannabinoids (i.e., THC and 
CBD). Participants then ingested their desired amount of cannabis, recorded the amount of product ingested 
in a blinded fashion (e.g., “one gummy”, “one mL”), and waited one hour before resuming assessments. 
A member of the research staff not responsible for data collection translated the amount of product 
ingested into milligrams of THC and CBD consumed using the product photo surveys.

The one-hour and two-hour post-cannabis use assessments involved self-report questionnaires, a 
measure of objective cognitive function, and blood draws (for in-person participants only).

Measures
Demographics
Sex, age, race, ethnicity, cancer diagnosis, and current treatment were collected from the medical 
record review at baseline. Participants self-reported their education level, height, and weight at baseline.

Substance use
A 30-day Timeline Followback (TLFB) [56] administered via an online interactive calendar [57] was completed 
at the baseline appointment to collect information about the use of alcohol, cannabis, and tobacco. A 14-day 
online TLFB was completed during the pre-use assessment of the acute administration appointment.
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Psychological functioning
The Beck Depression Inventory®-II (BDI-II) [58] and Beck Anxiety Inventory® (BAI) [59] were completed at 
baseline and at the pre-use assessment of the acute administration appointment. The BDI-II is a 21-item measure 
of depression severity (Cronbach α = 0.86), and the BAI is a 21-item measure of common symptoms of anxiety 
(α = 0.84). The 20-item state anxiety component of the State-Trait Anxiety Inventory (STAI, α = 0.88) [60] 
was completed pre-use, one-hour post-use, and two-hour post-use at the acute administration appointment.

Sleep quality
A single item from the Pittsburgh Sleep Quality Index (PSQI) [61] modified to ask about the last two weeks was 
completed at baseline and the pre-use assessment of the acute administration appointments. Participants were 
asked to rate their sleep quality on a scale from 0 (“very good”) to 3 (“very bad”).

Pain intensity and interference
Participants were asked to rate their pain on average over the past seven days at baseline and the pre-use 
assessment of the acute administration appointment. Additionally, participants were asked to rate their 
pain “right now” at the pre-use, one-hour post-use, and two-hour post-use assessments of the acute 
administration appointment. Response options ranged from 0 (“no pain”) to 10 (“worst pain imaginable”). 
Further, the Patient-Reported Outcomes Measurement Information Systems (PROMIS) bank version 1.1 pain 
interference computer adaptive test [62] was administered at baseline and pre-use and asked participants 
about how pain interfered with or affected their enjoyment of various daily activities in the past seven days. 
These measures of pain do not differentiate between the different types of pain (e.g., neuropathic, nociceptive).

Health-related quality of life
The Functional Assessment of Cancer Therapy-General version 4 (FACT-G, α = 0.80) [63] was administered 
at baseline and the pre-use assessment of the acute administration appointment. The FACT-G is a 
measure of health-related quality of life that asks participants to rate 27 statements (e.g., “I am content 
with the quality of my life right now”) on a scale from 0 (“not at all”) to 4 (“very much”) as it applies 
to the last seven days. Higher scores reflect a better quality of life.

Subjective cognitive function
The Functional Assessment of Cancer Therapy-Cognitive Function version 3 (FACT-Cog) [64] is a measure of 
subjective cognitive function that includes two components: 18 items assessing perceived cognitive impairments 
(PCI, α = 0.96) and 7 items assessing perceived cognitive abilities (PCA, α = 0.89). For the PCI component, 
participants rated statements (e.g., “I have had trouble forming thoughts”) as they apply to the last seven days 
from 0 (“not at all”) to 4 (“several times a day”) with items being reverse scored. For the PCA component, 
participants rated statements (e.g., “my mind is as sharp as it has always been”) as they apply to the last seven 
days from 0 (“not at all”) to 4 (“very much”). Higher scores reflect better quality of life. The FACT-Cog was 
completed at the baseline and the pre-use assessment of the acute administration appointments.

Subjective drug effects
Participants rated subjective high from a single question [55] [“I feel high (as in ‘drug high’) right now”] from 
0 (“not at all”) to 10 (“strongest feeling possible”) at the pre-use, one-hour post-use, and two-hour post-use 
assessments at the acute administration appointment.

Objective cognitive functioning
The Stroop task [65] was administered by research staff using Tatool Web [66]. In-person participants completed 
the task on a tablet using the touchscreen to input responses. Remote participants completed the task on the device 
of their choice (smartphone, tablet, computer), using a touchscreen or keyboard to input responses, and were 
asked to use the same device at all time points. The Stroop task presented one to four characters on the screen 
at a time, asking participants to count the number of characters on the screen while ignoring the magnitude of 
the characters on the screen. The task included congruent trials, where the number of characters matched the 
magnitude of the characters (e.g., 333), neutral trials where the letter “X” was were presented instead of digits 
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(e.g., XXXX), and incongruent trials where the number of characters did not match the magnitude of characters 
presented (e.g., 44). Participants completed 12 practice trials followed by 144 test trials (48 congruent; 48 neutral; 
48 incongruent). The Stroop effect on reaction time was calculated as the difference in mean response time 
between incongruent and congruent trials for correct responses. The Stroop effect on error rate was calculated as the 
difference in error rate between incongruent and congruent trials. Consistent with prior research [67, 68], trials 
with reaction times less than or equal to 200 ms were removed from analyses. One participant’s baseline data 
was removed from the analysis because they had no correct responses recorded due to a failure of their input 
device. The Stroop task was administered at baseline and at the pre-use, one-hour post-use, and two-hour post-use 
assessments of the acute administration appointment.

Circulating cannabinoids
A phlebotomist collected 7 mL of blood from in-person participants at the pre-use, one-hour post-use, and 
two-hour post-use assessments of the acute administration appointment. Plasma was separated from 
erythrocytes by centrifugation (1,000 g for 10 min), transferred to a fresh microcentrifuge tube, and stored 
at –80℃. Plasma samples were shipped to the iC42 Lab at the Anschutz Medical Campus for quantification 
of THC and CBD via validated high-performance liquid chromatography/mass spectroscopy. The lower 
limit of quantification for circulating THC and CBD was 0.39 ng/mL, thus values below this threshold 
were replaced with 0.39 ng/mL for analyses.

Statistical analysis
Sustained effects
To examine the sustained effects of cannabis use on cancer-related outcomes, analyses of subjective and 
cognitive effects from the baseline appointment to the pre-use assessment of the acute administration 
appointment were conducted separately using a series of mixed-effects models estimating random intercepts 
for each participant. In each model, fixed effects included (1) linear change over time (baseline to pre-use); 
(2) total milligrams of CBD ingested during the two-week ad libitum use period as reported in the online 
TLFB (mean-centered); and (3) total milligrams of THC ingested during the two-week ad libitum period as 
reported in the online TLFB (mean-centered). Interaction effects tested whether the linear change over 
time varied by total CBD ingested, total THC ingested, and their interaction.

To examine the acute effects of cannabis on cancer-related outcomes, analyses of subjective and cognitive 
effects across the three acute administration time points (pre-use, one-hour post-use, and two-hour post-use), 
were conducted separately using a series of mixed-effects models estimating random intercepts for each 
participant. In each model, fixed effects included (1) linear change over time; (2) quadratic change over time; (3) 
CBD ingested during the acute administration appointment (mean-centered); and (4) THC ingested during the 
acute administration appointment (mean-centered). Interaction effects tested whether the linear and quadratic 
change over time varied by THC ingested, CBD ingested, and their interaction. In models where both the linear and 
quadratic effects were significant, we focused on the stronger effect (in all cases, the linear effect was stronger).

All analyses were conducted all analyses in R version 4.1.2 (www.rstudio.com). Mixed effects models were 
conducted using the lme4 package version 1.1-25 [69], which implements maximum likelihood (ML) estimation.

Results
Participants
The progress of participants through the study is presented in Figure 1. Twenty-eight participants 
were recruited for the study. Twenty-five participants completed both the baseline and the acute use 
appointments and were included in the analyses. Descriptive information about study participants 
is provided in Table 1, and Table 2 provides information about participant cancer status and current 
treatment. Seventeen (68%) of participants reported no cannabis use in the seven days prior to the baseline 
appointment, and eight (32%) of participants reported no cannabis use in the 30 days prior to the baseline 
appointment. Participants reported no adverse events related to cannabis use during the two-week ad 
libitum use period, and no adverse events were observed following acute cannabis administration.
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Table 1. Baseline characteristics of participants (n = 25)

Characteristic n % Mean SD
Demographics Age (year) - - 54.3 15.6

Sex (female) 13 52.0 - -
Height (cm) - - 167.7 10.9
Weight (kg) - - 72.2 17.3
Body mass index (BMI, kg/m2) - - 25.8 6.1
Education (Bachelor’s degree or higher) 16 64.0 - -
Race (white) 20 80.0 - -
Ethnicity (Hispanic or Latino) 2 8.0 - -

Substance use history (last 30 days) Days of cannabis use - - 12.5 11.7
Days of alcohol use - - 4.4 5.9
Days of tobacco use - - 2.2 7.8

SD: standard deviation; -: not applicable

Table 2. Participant cancer and treatment information (n = 25). Chemotherapy and immunotherapy treatment counts are not 
mutually exclusive

Characteristic of cancer diagnosis and treatment n (%)
Cancer stage Stage 1 1 (4.0%)

Stage 2 3 (12.0%)
Stage 3 5 (20.0%)
Stage 4 11 (44.0%)
Unknown 5 (20.0%)

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram
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Table 2. Participant cancer and treatment information (n = 25). Chemotherapy and immunotherapy treatment counts are not 
mutually exclusive (continued)

Characteristic of cancer diagnosis and treatment n (%)
Cancer type Lung 7 (28.0%)

Colon 3 (12.0%)
Breast 3 (12.0%)
Adenoid 2 (8.0%)
Prostate 2 (8.0%)
Rectal 2 (8.0%)
Thyroid 1 (4.0%)
Germ cell 1 (4.0%)
Brain 1 (4.0%)
Ewing’s sarcoma 1 (4.0%)
Kidney 1 (4.0%)
Skin 1 (4.0%)

Treatment Observation 11 (44.0%)
Chemotherapy 12 (48.0%)
Immunotherapy 4 (16.0%)

Figure 2. Cannabinoids (mg) ingested at the acute administration appointments for each participant [THC (mg): mean = 12.14, 
SD = 17.49, range = 0–60.2; CBD (mg): mean = 18.91, SD = 23.72, range = 0–83.3]

Ad libitum use
On average, participants used an edible cannabis product for 8.1 days (SD = 5.1, range = 0–14) and ingested 
a total of 116.4 mg (SD = 178.0, range = 0–625) of THC and 162.7 mg (SD = 420.3, range = 0–2,100) of 
CBD, or 8.3 mg of THC and 11.6 mg of CBD per day, during the two-week ad libitum use period. Participants 
reported using eighteen different brands of cannabis products. Fourteen participants used an edible 
cannabis product in the form of candies (e.g., gummies, chocolate), seven used tinctures, two used pill 
forms, one used beverages, and one used baked goods (stroopwafels). Milligrams of THC and CBD ingested 
at the acute administration appointment are presented in Figure 2. All participants confirmed using 
their purchased edible cannabis product at the acute administration appointment. Mean circulating THC 
at the acute administration appointment was 5.58 ng/mL (SD = 15.48, range = 0.39–46.87) at pre-use (n 
= 9), 10.43 ng/mL (SD = 26.72, range = 0.39–81.50) at one-hour post-use (n = 9), and 7.59 ng/mL (SD = 
18.96, range = 0.39–54.50) at two-hour post-use (n = 8) for in-person participants with available blood 
data (participant agreed to blood collection and blood was successfully collected). Mean circulating CBD 
at the acute administration appointment was 3.57 ng/mL (SD = 3.42, range = 0.39–10.78) at pre-use 
(n = 9), 10.81 ng/mL (SD = 15.02, range = 0.47–43.70) at one-hour post-use (n = 9), and 9.67 ng/mL (SD 
= 8.40, range = 2.28–24.96) at two-hour post-use (n = 8) for in-person participants with available blood 
data. Circulating cannabinoid levels are also presented in Figure S1. Significant positive correlations 
were observed between THC ingested and circulating THC (r = 0.98, P < 0.001) and CBD ingested and 
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circulating CBD (r = 0.85, P = 0.003) at one-hour post-use during the acute administration appointment 
for in-person participants with blood data (n = 9). The positive correlation between THC ingested and 
circulating THC was reduced (r = 0.65, P = 0.079) when one outlier (60.0 mg of THC ingested) was removed.

Sustained effects
Sleep quality
A significant effect of time on sleep quality was observed (baseline mean = 1.2; pre-use at acute administration 
mean = 0.87; B = –0.43, standard error (SE) = 0.17, P = 0.02), such that sleep quality improved from 
baseline to the acute administration appointment. The time X CBD interaction term was significant (B = 
0.01, SE = 0.0005, P = 0.02), such that participants who reported higher CBD consumption showed steeper 
improvements in sleep quality (see Figure 3A). No other significant interactions were observed (Ps > 0.10), 
and there was no significant effect of CBD consumption on baseline sleep quality (P > 0.11).

Figure 3. Time X CBD ingested over two-week ad libitum use period interactions for (A) sleep quality and (B) pain intensity over 
the last seven days. Sleep quality was rated on a scale from 0 (“very good”) to 3 (“very bad”), such that lower values reflect higher 
ratings of sleep quality. Pain intensity was rated on a scale from 0 (“no pain”) to 10 (“worst pain imaginable”), such that lower 
values reflect lower ratings of pain intensity

Pain
A significant effect of time on pain intensity was observed (baseline mean = 3.08; pre-use at acute 
administration mean = 2.48; B = –0.63, SE = 0.26, P = 0.02), such that pain intensity improved from baseline 
to the acute administration appointment. A significant time X CBD interaction was also observed (B = 
–0.003, SE = 0.008, P = 0.002), such that participants reporting higher CBD use showed steeper reductions 
in pain intensity (see Figure 3B). No other significant interactions were observed for pain intensity (Ps 
> 0.22). A significant effect of CBD consumption on baseline pain intensity (B = 0.03, SE = 0.01, P = 0.02) 
was observed, such that higher baseline pain intensity was associated with higher levels of CBD use. 
Controlling for total THC and CBD ingested during the two-week ad libitum use period, a significant effect 
of time on pain interference was observed (baseline mean = 53.43; pre-use at acute administration mean 
= 50.15; B = –3.99, SE = 1.44, P = 0.01), such that pain interference improved from baseline to the acute 
administration appointment. No significant interactions were observed for pain interference (Ps > 0.15).

Psychological functioning
A marginal effect of time on anxiety (baseline mean = 9.40; pre-use at acute administration mean = 7.44; B 
= –1.81, SE = 0.95, P = 0.07) and depression (baseline mean = 10.20; pre-use at acute administration mean 
= 9.20; B = –1.52, SE = 0.79, P = 0.07) scores were observed, such that participants reported fewer anxiety and 
depressive symptoms at the acute administration appointment relative to baseline. There were no significant 
interactions with a level of cannabinoids ingested for anxiety (Ps > 0.22) or depression (Ps > 0.06) scores.

https://doi.org/10.37349/emed.2023.00138


Explor Med. 2023;4:254–71 | https://doi.org/10.37349/emed.2023.00138 Page 263

Quality of life
There was no significant effect of time on the overall quality of life (baseline mean = 70.48; acute administration 
mean = 73.44; B = 3.19, SE = 3.25, P = 0.34), and no significant interactions with level of cannabinoids ingested 
(Ps > 0.58).

Subjective cognitive functioning
No significant effect of time on FACT-Cog PCI was observed (baseline mean = 55.39; pre-use at acute 
administration mean = 58.56; B = 3.75, SE = 2.24, P = 0.11), but a significant effect of time on FACT-Cog PCA 
was observed (baseline mean = 18.40; pre-use at acute administration mean = 20.71; B = 3.03, SE = 1.03, P = 
0.008), such that PCA increased in the two weeks between the baseline and the acute administration appointment. 
No significant interactions with ingested cannabinoid levels were observed for FACT-Cog PCI (Ps > 0.46) or 
FACT-Cog PCA (Ps > 0.05).

Given meta-analytic evidence of impaired cognitive performance among individuals experiencing 
chronic pain [70], an exploratory analysis was conducted to test the association between subjective 
cognitive functioning (FACT-Cog PCA) and pain interference after two weeks of cannabis use. As can 
be seen in Figure 4, there was a negative association, such that as pain interference increased, PCA 
decreased, although this association did not achieve statistical significance.

Figure 4. Scatterplot of FACT-Cog PCA versus PROMIS pain interference at the acute administration appointment (r = –0.28, P 
= 0.17). Higher values on the FACT-Cog PCA reflect better quality of life. Higher values on the PROMIS pain interference reflect 
greater consequences of pain on one’s life

Objective cognitive functioning
There was no significant effect of time on the Stroop effect on reaction time (ms, baseline mean = 84.93; 
pre-use at acute administration mean = 68.61; B = –23.46, SE = 14.54, P = 0.12), and no significant interactions 
were observed based on ingested cannabinoids for the Stroop effect on reaction time (Ps > 0.17). A 
significant effect of time was observed for congruent reaction time (ms, baseline mean = 1,091.99; pre-use 
at acute administration mean = 1,013.94; B = –71.72, SE = 29.57, P = 0.02) and incongruent reaction time 
(ms, baseline mean = 1,176.93; pre-use at acute administration mean =1,082.55; B = –93.98, SE = 25.43, 
P = 0.001), such that both reaction times decreased from baseline to the acute administration appointment. 
No significant interactions with ingested levels of cannabinoids were observed for Stroop congruent 
reaction time (Ps > 0.48) or Stroop incongruent reaction time (Ps > 0.27).

There was no significant effect of time on the Stroop effect on error rate (baseline mean = 0.04; pre-use 
at acute administration mean = 0.03; B = –0.01, SE = 0.01, P = 0.53), the error rate of congruent trials 
(baseline mean = 0.06; pre-use at acute administration mean =0.04; B = –0.02, SE = 0.02, P = 0.43), or the 
error rate of incongruent trials (baseline mean = 0.10; pre-use at acute administration mean = 0.07; B = –0.02, 
SE = 0.02, P = 0.22). No significant interactions with amount of cannabinoids ingested were observed for 
Stroop effect on error rate (Ps > 0.09), congruent error rate (Ps > 0.66), or incongruent error rate (Ps > 0.34).
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Acute effects
Descriptive statistics for changes in acute administration outcomes are presented in Table 3.

Table 3. Acute administration outcomes across the three assessment time points (n = 25). Values are mean (SD)

Outcome Pre-use One-hour post-use Two-hour post-use
Subjective high* 0.04 (0.20) 3.16 (3.01) 3.84 (3.26)
Pain intensity* 1.88 (2.11) 0.88 (1.30) 0.96 (1.51)
Anxiety 30.32 (11.31) 28.16 (8.56) 29.56 (9.98)
Stroop

Effect on reaction time* 68.61 (36.00) 84.46 (58.43) 94.31 (72.58)
Congruent reaction time* 1,013.94 (164.76) 965.54 (174.19) 962.66 (176.66)
Incongruent reaction time 1,082.55 (164.39) 1,050.00 (187.42) 1,056.96 (198.94)
Effect on error rate 0.03 (0.05) 0.04 (0.05) 0.04 (0.05)
Congruent error rate 0.04 (0.10) 0.05 (0.16) 0.06 (0.15)
Incongruent error rate* 0.07 (0.15) 0.09 (0.16) 0.10 (0.15)

* Significant linear effect of time (P < 0.05)

High
There was a significant linear effect of time on subjective high, such that participants reported feeling 
higher over time (B = 1.90, SE = 0.25, P < 0.001). Both the time X THC (B = 0.05, SE = 0.02, P = 0.003) 
and time X CBD (B = –0.02, SE = 0.01, P = 0.05) interaction terms were significant, with participants who 
ingested more THC exhibiting a steeper increase in high over time and participants who ingested more 
CBD exhibiting a smaller increase in high over time (see Figure 5). The time X CBD X THC interaction term 
was not significant (B = –0.0003, SE = 0.0005, P = 0.52).

Figure 5. Time X THC ingested (A) and time X CBD ingested (B) during the acute administration appointment for subjective high

Pain
There was a significant linear effect of time (B = –0.46, SE = 0.14, P = 0.002) on pain intensity (“right now”), 
such that participants reported reduced pain intensity over the course of the acute administration session. 
None of the time X cannabinoid interaction terms were significant (Ps > 0.08).

Anxiety
Anxiety levels did not change over the course of the acute administration session (B = –0.38, SE = 0.74, 
P = 0.61) and none of the time X cannabinoid interaction terms were significant (Ps > 0.47).

Objective cognitive functioning
The Stroop effect on reaction time exhibited a significant linear effect of time (B = 12.93, SE = 6.09, P = 0.04), 
such that there was a significant increase in the Stroop effect over the course of the acute administration 
appointment (i.e., performance worsened). None of the time X cannabinoid interaction terms were significant 
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(Ps > 0.26). Specifically, while reaction time on congruent trials decreased over time (B = –25.75, SE = 8.44, 
P = 0.004), reaction time on incongruent trials did not significantly change (B = –12.82, SE = 8.04, P = 0.12).

The Stroop effect on error did not change over the course of the acute administration appointment (B 
= 0.004, SE = 0.007, P = 0.59), and none of the time X cannabinoid interaction terms were significant (Ps > 
0.36). Specifically, while the error rate on incongruent trials increased over time (B = 0.01, SE = 0.007, 
P = 0.05), the error rate on congruent trials did not significantly change (B = 0.01, SE = 0.007, P = 0.14).

Discussion
Overview
This study is among the first to explore associations of acute and sustained legal market cannabis edible use, 
including the use of both THC and CBD, with changes in pain, cognition, and quality of life in a group of cancer 
patients. Patients reported improvements in pain, sleep quality, and subjective cognitive function following 
a two-week ad libitum cannabis use period, as well as reductions in pain intensity, increases in feelings of 
subjective high, and some decreases in cognitive function following acute cannabis use. The observational 
nature of the study also allowed a window into the kinds of products cancer patients select, how frequently they 
choose to use their products, and what doses of THC and CBD they choose to take. Participants in the present 
study used a variety of edible forms of cannabis and a wide range of doses of both THC and CBD. This is perhaps 
somewhat unexpected given the rapidly growing interest in CBD over the past five years [71]. A significant 
effect of CBD use on baseline pain intensity was observed, such that greater CBD use over the two-week period 
was associated with greater pain intensity at baseline, suggesting that individuals with higher pain intensity at 
baseline may have intentionally selected products higher in CBD or consumed more CBD over the two weeks to cope 
with these heightened pain levels. A greater understanding of how cancer patients come to make decisions 
around cannabis use and how their expectancies may vary by cannabinoid content will be critical in order to 
develop guidance for both clinicians and patients who wish to use cannabis for palliative cancer care.

Improvements in pain intensity and pain interference were observed following sustained cannabis 
use, as well as improvements in pain intensity following acute use. Interestingly, a time X CBD ingested 
interaction emerged in the two-week models of pain intensity, with greater CBD use during the two-week ad 
libitum period being associated with steeper improvements in pain intensity. Notably, no moderating effect 
of CBD use was observed during the acute use appointment. Two early clinical trials in cancer patients that 
utilized THC oil capsules demonstrated a trend toward progressive pain relief with increasing doses of THC 
over a six-hour period [72], as well as significant improvements in pain following 20 mg of THC compared to 
placebo over a seven-hour period [73], although adverse reactions to this dose were observed in this group of 
predominantly inexperienced cannabis users [73]. In addition, a two-week trial of oromucosal sprays showed 
improvements in pain compared to placebo following the use of a combination of CBD and THC spray, but not 
with a THC-only spray [74]. More recent trials have yielded mixed results on the effectiveness of cannabinoids 
for pain [75, 76], but the picture that emerges from across the literature suggests that THC and CBD may 
influence pain relief over different time courses. Pharmacokinetic research will be key to addressing these 
potentially differential effects of THC and CBD depending on the time course of sustained versus acute use.

Improvements in sleep quality following sustained cannabis use were observed, with higher CBD use during 
the two-week ad libitum use period being associated with steeper improvements in sleep quality. A recent 
meta-analysis that included five randomized controlled trials of oromucosal sprays containing cannabinoids 
found a very small improvement in sleep disturbance compared to placebo in individuals living with chronic 
cancer pain [77]. Objective measures of sleep in the context of carefully controlled sleep studies would be ideal 
for better understanding the differential effects of THC and CBD across the full range of measures of sleep quality.

Two weeks of ad libitum use in the present study was associated with patient reports of improvements in 
subjective cognitive function. Some objective measures of cognitive function also improved, including reaction 
times for both congruent and incongruent trials on the Stroop task. Consistent with the literature on pain and 
cognitive function, an exploratory analysis supported a negative association, such that increases in pain were 
associated with subjectively worse cognitive function. Given widespread concern—by both clinicians and 
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patients themselves—about decrements in cognitive function associated with cancer treatment, a potential 
indirect role of cannabis use in improving subjective cognitive function is an intriguing finding to pursue.

Also consistent with past research, some impairments following acute administration on objective 
cognitive performance were also observed, such that the Stroop effect on reaction time and error rate for 
incongruent trials both increased (i.e., got worse).

Limitations of the present study include a small sample size which limited statistical power to investigate 
demographic or other moderators in the analyses. From an internal validity perspective, the lack of random 
assignment to product condition and the lack of a placebo-control condition are clearly problematic for 
any causal conclusions regarding the influence of cannabis on any of the outcomes tested in this study. 
In addition, the study was interrupted by the COVID-19 pandemic, requiring the study to transition to a 
remote modality to continue data collection. The generalizability of the conclusions of the present study is 
limited by the largely white sample and by the restriction on the use of cannabis edibles. There is evidence 
that cancer patients also use inhaled cannabis products [7, 78]. The short two-week timeframe may have 
limited the capacity of the present study to observe changes following sustained cannabis use. The inclusion 
of participants with different cannabis use histories and undergoing different treatments may have 
influenced participant response to acute and sustained cannabis use.

Despite its limitations, this study benefits from increased external validity via its naturalistic design, 
which allowed participants to select and use legal market edible cannabis products in a manner and 
environment that reflected their own preferences, needs, and typical use behaviors. The study’s inclusion 
of multiple cancer types also allowed for a greater age range of participants and an equal representation of 
sex, which may not be feasible when restricting eligibility to certain cancer types (e.g., breast, prostate).

Conclusion
In this study of legal market edible cannabis products in cancer patients, two weeks of ad libitum cannabis 
use was associated with improvements in pain intensity and interference, sleep quality and subjective 
cognitive functioning. It is particularly of note that high CBD, not THC, use during this two-week period 
was associated with steeper improvements in pain intensity and sleep quality. Acute cannabis use 
decreased pain intensity, decreased some measures of objective cognitive function, and increased feelings 
of subjective high. The findings suggest that studies conducted over longer timeframes with larger samples 
that allow the capacity to test for moderating effects of product type (e.g., inhaled versus edible), cancer 
type/stage, and demographic characteristics are an important next step in understanding the potential 
benefits and harms of cannabis use for palliative care in cancer patients.

Abbreviations
CBD: cannabidiol
COVID-19: coronavirus disease 2019
FACT-Cog: Functional Assessment of Cancer Therapy-Cognitive Function version 3
PCA: perceived cognitive abilities
PCI: perceived cognitive impairments
PROMIS: Patient-Reported Outcomes Measurement Information Systems
REDCap: Research Electronic Data Capture
SD: standard deviation
SE: standard error
THC: ∆9-tetrahydrocannabinol
TLFB: Timeline Followback

https://doi.org/10.37349/emed.2023.00138


Explor Med. 2023;4:254–71 | https://doi.org/10.37349/emed.2023.00138 Page 267

Supplementary materials
The supplementary material for this article is available at: https://www.explorationpub.com/uploads/
Article/file/1001138_sup_1.pdf.

Declarations
Author contributions
ADB: Conceptualization, Funding acquisition, Methodology, Project administration, Supervision, 
Writing—original draft, Writing—review & editing. DRC, DWB, and KEH: Conceptualization, Funding 
acquisition, Methodology, Writing—review & editing. GG: Investigation, Data curation, Formal analysis, 
Visualization, Writing—original draft, Writing—review & editing. LPG: Data curation, Formal analysis, 
Visualization, Writing—original draft, Writing—review & editing. RMW: Conceptualization, Funding acquisition, 
Methodology, Writing—original draft, Writing—review & editing.

Conflicts of interest
The authors declare that they have no conflicts of interest.

Ethical approval
The study was approved by the Colorado Multiple Institutional Review Board (COMIRB Panel D IRB number: 
IRB00002760). Initial approval was obtained in August 2018.

Consent to participate
Informed consent to participate in the study was obtained from all participants.

Consent to publication
Not applicable.

Availability of data and materials
The deidentified raw data supporting the conclusions of this manuscript will be made available by the authors, 
without undue reservation, to any qualified researcher.

Funding
Funding for this study was provided by the University of Colorado Cancer Center. LPG is supported by a 
National Science Foundation Graduate Research Fellowship [DGE 1650115]. The funders had no role in 
study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Copyright
© The Author(s) 2023.

References
1. Latest global cancer data: cancer burden rises to 19.3 million new cases and 10.0 million cancer deaths 

in 2020 [Internet]. Lyon: International Agency for Research; c2023 [cited 2022 Sep 2]. Available from: 
https://www.iarc.who.int/news-events/latest-global-cancer-data-cancer-burden-rises-to-19-3-million-
new-cases-and-10-0-million-cancer-deaths-in-2020/

2. Cancer treatment & survivorship: facts & figures 2019-2021 [Internet]. Atlanta: American Cancer Society; 
[cited 2022 Sep 2]. Available from: https://www.cancer.org/content/dam/cancer-org/research/
cancer-facts-and-statistics/cancer-treatment-and-survivorship-facts-and-figures/cancer-treatment-and-
survivorship-facts-and-figures-2019-2021.pdf

3. Palliative care in cancer [Internet]. Bethesda: National Cancer Institute; [cited 2022 Sep 2]. Available 
from: https://www.cancer.gov/about-cancer/advanced-cancer/care-choices/palliative-care-fact-sheet

https://doi.org/10.37349/emed.2023.00138
https://www.explorationpub.com/uploads/Article/file/100138_sup_1.pdf
https://www.explorationpub.com/uploads/Article/file/100138_sup_1.pdf
https://www.iarc.who.int/news-events/latest-global-cancer-data-cancer-burden-rises-to-19-3-million-new-cases-and-10-0-million-cancer-deaths-in-2020/
https://www.iarc.who.int/news-events/latest-global-cancer-data-cancer-burden-rises-to-19-3-million-new-cases-and-10-0-million-cancer-deaths-in-2020/
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-treatment-and-survivorship-facts-and-figures/cancer-treatment-and-survivorship-facts-and-figures-2019-2021.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-treatment-and-survivorship-facts-and-figures/cancer-treatment-and-survivorship-facts-and-figures-2019-2021.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-treatment-and-survivorship-facts-and-figures/cancer-treatment-and-survivorship-facts-and-figures-2019-2021.pdf
https://www.cancer.gov/about-cancer/advanced-cancer/care-choices/palliative-care-fact-sheet


Explor Med. 2023;4:254–71 | https://doi.org/10.37349/emed.2023.00138 Page 268

4. Bar-Lev Schleider L, Abuhasira R, Novack V. Medical cannabis: aligning use to evidence-based medicine 
approach. Br J Clin Pharmacol. 2018;84:2458–62.

5. Fehniger J, Brodsky AL, Kim A, Pothuri B. Medical marijuana utilization in gynecologic cancer patients. 
Gynecol Oncol Rep. 2021;37:100820.

6. Do EK, Ksinan AJ, Kim SJ, Del Fabbro EG, Fuemmeler BF. Cannabis use among cancer survivors in the 
United States: analysis of a nationally representative sample. Cancer. 2021;127:4040–9.

7. Pergam SA, Woodfield MC, Lee CM, Cheng GS, Baker KK, Marquis SR, et al. Cannabis use among patients 
at a comprehensive cancer center in a state with legalized medicinal and recreational use. Cancer. 
2017;123:4488–97.

8. Braun IM, Wright A, Peteet J, Meyer FL, Yuppa DP, Bolcic-Jankovic D, et al. Medical oncologists’ beliefs, 
practices, and knowledge regarding marijuana used therapeutically: a nationally representative survey 
study. J Clin Oncol. 2018;36:1957–62.

9. Cooke AC, Knight KR, Miaskowski C. Patients’ and clinicians’ perspectives of co-use of cannabis and 
opioids for chronic non-cancer pain management in primary care. Int J Drug Policy. 2019;63:23–8.

10. Hutchison KE, Bidwell LC, Ellingson JM, Bryan AD. Cannabis and health research: rapid progress 
requires innovative research designs. Value Health. 2019;22:1289–94.

11. Bowles DW, O’Bryant CL, Camidge DR, Jimeno A. The intersection between cannabis and cancer in the 
United States. Crit Rev Oncol Hematol. 2012;83:1–10.

12. Martell K, Fairchild A, LeGerrier B, Sinha R, Baker S, Liu H, et al. Rates of cannabis use in patients with 
cancer. Curr Oncol. 2018;25:219–25.

13. Stark DPH, House A. Anxiety in cancer patients. Br J Cancer. 2000;83:1261–7.
14. Brintzenhofe-Szoc KM, Levin TT, Li Y, Kissane DW, Zabora JR. Mixed anxiety/depression symptoms in a 

large cancer cohort: prevalence by cancer type. Psychosomatics. 2009;50:383–91.
15. Curran L, Sharpe L, Butow P. Anxiety in the context of cancer: a systematic review and development 

of an integrated model. Clin Psychol Rev. 2017;56:40–54.
16. Rodriguez C, Ji M, Wang HL, Padhya T, McMillan SC. Cancer pain and quality of life. J Hosp Palliat Nurs. 

2019;21:116–23.
17. Beck SL, Towsley GL, Berry PH, Lindau K, Field RB, Jensen S. Core aspects of satisfaction with pain 

management: cancer patients’ perspectives. J Pain Symptom Manage. 2010;39:100–15.
18. McNeill JA, Sherwood GD, Starck PL, Thompson CJ. Assessing clinical outcomes: patient satisfaction 

with pain management. J Pain Symptom Manage. 1998;16:29–40.
19. van den Beuken-van Everdingen MH, de Rijke JM, Kessels AG, Schouten HC, van Kleef M, Patijn J. Prevalence 

of pain in patients with cancer: a systematic review of the past 40 years. Ann Oncol. 2007;18:1437–49.
20. Palesh O, Peppone L, Innominato PF, Janelsins M, Jeong M, Sprod L, et al. Prevalence, putative 

mechanisms, and current management of sleep problems during chemotherapy for cancer. Nat Sci 
Sleep. 2012;4:151–2.

21. Scarborough BM, Smith CB. Optimal pain management for patients with cancer in the modern era. 
CA Cancer J Clin. 2018;68:182–96.

22. Makhlouf SM, Pini S, Ahmed S, Bennett MI. Managing pain in people with cancer—a systematic 
review of the attitudes and knowledge of professionals, patients, caregivers and public. J Cancer Educ. 
2020;35:214–40.

23. Graczyk M, Borkowska A, Krajnik M. Why patients are afraid of opioid analgesics: a study on 
opioid perception in patients with chronic pain. Pol Arch Intern Med. 2018;128:89–97.

24. Xu X, Luckett T, Wang AY, Lovell M, Phillips JL. Cancer pain management needs and perspectives 
of patients from Chinese backgrounds: a systematic review of the Chinese and English literature. 
Palliat Support Care. 2018;16:785–99.

https://doi.org/10.37349/emed.2023.00138


Explor Med. 2023;4:254–71 | https://doi.org/10.37349/emed.2023.00138 Page 269

25. Blake A, Wan BA, Malek L, DeAngelis C, Diaz P, Lao N, et al. A selective review of medical cannabis 
in cancer pain management. Ann Palliat Med. 2017;6:S215–22.

26. Zaki P, Blake A, Wolt A, Zhang Li, Wan A, Deangelis C, et al. The use of medical cannabis in cancer patients. 
J Pain Manag. 2017;10:363–74.

27. Ostadhadi S, Rahmatollahi M, Dehpour AR, Rahimian R. Therapeutic potential of cannabinoids 
in counteracting chemotherapy-induced adverse effects: an exploratory review. Phytother Res. 
2015;29:332–8.

28. Abrams D, Guzman M. Cannabis in cancer care. Clin Pharmacol Ther. 2015;97:575–86.
29. Bar-Lev Schleider L, Mechoulam R, Lederman V, Hilou M, Lencovsky O, Betzalel O, et al. Prospective 

analysis of safety and efficacy of medical cannabis in large unselected population of patients with cancer. 
Eur J Intern Med. 2018;49:37–43.

30. Bar-Sela G, Vorobeichik M, Drawsheh S, Omer A, Goldberg V, Muller E. The medical necessity for 
medicinal cannabis: prospective, observational study evaluating the treatment in cancer patients on 
supportive or palliative care. Evid Based Complement Alternat Med. 2013;2013:510392.

31. Cuttler C, Lafrance EM, Craft RM. A large-scale naturalistic examination of the acute effects of cannabis 
on pain. Cannabis Cannabinoid Res. 2022;7:93–9.

32. Campbell G, Hall WD, Peacock A, Lintzeris N, Bruno R, Larance B, et al. Effect of cannabis use in people 
with chronic non-cancer pain prescribed opioids: findings from a 4-year prospective cohort study. 
Lancet Public Health. 2018;3:e341–50.

33. Martin-Willett R, Master A, Bidwell LC, Sznitman SR. Cannabis use and sleep. In: Patel VB, Preedy VR, 
editors. Handbook of substance misuse and addictions. Springer International Publishing; 2022. pp. 1–30.

34. Ramaekers JG, Kauert G, van Ruitenbeek P, Theunissen EL, Schneider E, Moeller MR. High-potency 
marijuana impairs executive function and inhibitory motor control. Neuropsychopharmacology. 
2006;31:2296–303.

35. Jager G, Kahn RS, Van Den Brink W, Van Ree JM, Ramsey NF. Long-term effects of frequent cannabis 
use on working memory and attention: an fMRI study. Psychopharmacology (Berl). 2006;185:358–68.

36. Crean R, Crane N, Mason B. An evidence-based review of acute and long-term effects of cannabis use 
on executive cognitive functions. J Addict Med. 2011;5:1–8.

37. Broyd SJ, van Hell HH, Beale C, Yücel M, Solowij N. Acute and chronic effects of cannabinoids on 
human cognition—a systematic review. Biol Psychiatry. 2016;79:557–67.

38. Ranganathan M, D’Souza DC. The acute effects of cannabinoids on memory in humans: a review. 
Psychopharmacology (Berl). 2006;188:425–44.

39. Bhattacharyya S, Atakan Z, Martin-Santos R, Crippa JA, McGuire PK. Neural mechanisms for 
the cannabinoid modulation of cognition and affect in man: a critical review of neuroimaging 
studies. Curr Pharm Des. 2012;18:5045–54.

40. Englund A, Morrison PD, Nottage J, Hague D, Kane F, Bonaccorso S, et al. Cannabidiol inhibits 
THC-elicited paranoid symptoms and hippocampal-dependent memory impairment. J Psychopharmacol. 
2013;27:19–27.

41. Arndt J, Das E, Schagen SB, Reid-Arndt SA, Cameron LD, Ahles TA. Broadening the cancer and cognition 
landscape: the role of self-regulatory challenges. Psychooncology. 2014;23:1–8.

42. Ahles TA, Saykin AJ, Furstenberg CT, Cole B, Mott LA, Skalla K, et al. Neuropsychologic impact of 
standard-dose systemic chemotherapy in long-term survivors of breast cancer and lymphoma. 
J Clin Oncol. 2002;20:485–93.

43. Jim HS, Phillips KM, Chait S, Faul LA, Popa MA, Lee YH, et al. Meta-analysis of cognitive functioning in 
breast cancer survivors previously treated with standard-dose chemotherapy. J Clin Oncol. 2012;30:3578–87.

https://doi.org/10.37349/emed.2023.00138


Explor Med. 2023;4:254–71 | https://doi.org/10.37349/emed.2023.00138 Page 270

44. Janelsins MC, Kohli S, Mohile SG, Usuki K, Ahles TA, Morrow GR. An update on cancer- and 
chemotherapy-related cognitive dysfunction: current status. Semin Oncol. 2011;38:431–8.

45. Boykoff N, Moieni M, Subramanian SK. Confronting chemobrain: an in-depth look at survivors’ reports 
of impact on work, social networks, and health care response. J Cancer Surviv. 2009;3:223–32.

46. How cancer has affected post-treatment survivors: a livestrong report [Internet]. Austin: Livestrong 
Foundation; [cited 2022 Sep 2]. Available from: https://www.livestrong.org/content/how-cancer-has-
affected-post-treatment-survivors-livestrong-report

47. Vardy J, Rourke S, Tannock IF. Evaluation of cognitive function associated with chemotherapy: a review 
of published studies and recommendations for future research. J Clin Oncol. 2007;25:2455–63.

48. Lange M, Joly F, Vardy J, Ahles T, Dubois M, Tron L, et al. Cancer-related cognitive impairment: an update 
on state of the art, detection, and management strategies in cancer survivors. Ann Oncol. 2019;30:1925–40.

49. Ganz PA, Kwan L, Castellon SA, Oppenheim A, Bower JE, Silverman DH, et al. Cognitive complaints 
after breast cancer treatments: examining the relationship with neuropsychological test performance. 
J Natl Cancer Inst. 2013;105:791–801.

50. Brandt J, Spencer M, Folstein M. The Telephone Interview for Cognitive Status. Neuropsychiatry 
Neuropsychol Behav Neurol. 1988;1:111–7.

51. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)—a 
metadata-driven methodology and workflow process for providing translational research informatics 
support. J Biomed Inform. 2009;42:377–81.

52. Newmeyer MN, Swortwood MJ, Barnes AJ, Abulseoud OA, Scheidweiler KB, Huestis MA. Free and 
glucuronide whole blood cannabinoids’ pharmacokinetics after controlled smoked, vaporized, and oral 
cannabis administration in frequent and occasional cannabis users: identification of recent cannabis 
intake. Clin Chem. 2016;62:1579–92.

53. Schwilke EW, Schwope DM, Karschner EL, Lowe RH, Darwin WD, Kelly DL, et al. Δ9-Tetrahydrocannabinol 
(THC), 11-hydroxy-THC, and 11-nor-9-carboxy-THC plasma pharmacokinetics during and after continuous 
high-dose oral THC. Clin Chem. 2009;55:2180–9.

54. Lunn S, Diaz P, O’Hearn S, Cahill SP, Blake A, Narine K, et al. Human pharmacokinetic parameters of 
orally administered Δ9-tetrahydrocannabinol capsules are altered by fed versus fasted conditions 
and sex differences. Cannabis Cannabinoid Res. 2019;4:255–64.

55. Bidwell LC, Ellingson JM, Karoly HC, YorkWilliams SL, Hitchcock LN, Tracy BL, et al. Association of 
naturalistic administration of cannabis flower and concentrates with intoxication and impairment. 
JAMA Psychiatry. 2020;77:787–96.

56. Sobell LC, Sobell MB. Timeline follow-back. In: Litten RZ, Allen JP, editors. Measuring alcohol consumption. 
Totowa: Humana Press; 1992. pp. 41–72.

57. Martin-Willett R, Helmuth T, Abraha M, Bryan AD, Hitchcock L, Lee K, et al. Validation of a multisubstance 
online Timeline Followback assessment. Brain Behav. 2020;10:e01486.

58. Beck AT, Steer RA, Brown GK. Beck Depression Inventory®-II. San Antonio: Pearson (Psychological 
Corporation); 1996.

59. Beck AT. Beck Anxiety Inventory®. 2nd ed. San Antonio: Pearson (Psychological Corporation); 1993.
60. Spielberger CD, Gorsuch RL, Lushene RE. Manual for the State-Trait Anxiety Inventory. Palo Alto, CA: 

Consulting Psychologists Press; 1970.
61. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: 

a new instrument for psychiatric practice and research. Psychiatry Res. 1989;28:193–213.
62. Amtmann D, Cook KF, Jensen MP, Chen WH, Choi S, Revicki D, et al. Development of a PROMIS item 

bank to measure pain interference. Pain. 2010;150:173–82.

https://doi.org/10.37349/emed.2023.00138
https://www.livestrong.org/content/how-cancer-has-affected-post-treatment-survivors-livestrong-report
https://www.livestrong.org/content/how-cancer-has-affected-post-treatment-survivors-livestrong-report


Explor Med. 2023;4:254–71 | https://doi.org/10.37349/emed.2023.00138 Page 271

63. Cella DF, Tulsky DS, Gray G, Sarafian B, Linn E, Bonomi A, et al. The Functional Assessment of Cancer 
Therapy scale: development and validation of the general measure. J Clin Oncol. 1993;11:570–9.

64. Wagner LI, Sweet J, Butt Z, Lai JS, Cella D. Measuring patient self-reported cognitive function: development 
of the Functional Assessment of Cancer Therapy–Cognitive Function instrument. J Support Oncol. 
2009;7:W32–9.

65. Stroop JR. Studies of interference in serial verbal reactions. J Exp Psychol. 1935;18:643–62.
66. von Bastian CC, Locher A, Ruflin M. Tatool: a Java-based open-source programming framework for 

psychological studies. Behav Res Methods. 2013;45:108–15.
67. Martin-Willett R, Morris BA, Wilcox R, Giordano G, Andrews-Hanna J, Banich M, et al. The influence 

of a 16-week exercise program, APOE status, and age on executive function task performance: a 
randomized trial. Exp Gerontol. 2021;152:111431.

68. Kaiser RH, Andrews-Hanna JR, Metcalf CA, Dimidjian S. Dwell or decenter? Rumination and decentering 
predict working memory updating after interpersonal criticism. Cognit Ther Res. 2015;39:744–53.

69. Bates D, Sarkar D, Bates MD, Matrix L. The lme4 package. R Package Version. 2007;2:74.
70. Berryman C, Stanton TR, Bowering KJ, Tabor A, McFarlane A, Moseley GL. Do people with chronic pain 

have impaired executive function? A meta-analytical review. Clin Psychol Rev. 2014;34:563–79.
71. Leas EC, Nobles AL, Caputi TL, Dredze M, Smith DM, Ayers JW. Trends in internet searches for 

cannabidiol (CBD) in the United States. JAMA Netw Open. 2019;2:e1913853.
72. Noyes R Jr, Brunk SF, Baram DA, Canter A. Analgesic effect of delta-9-tetrahydrocannabinol. J Clin 

Pharmacol. 1975;15:139–43.
73. Noyes R Jr, Brunk SF, Avery DA, Canter AC. The analgesic properties of delta-9-tetrahydrocannabinol 

and codeine. Clin Pharmacol Ther. 1975;18:84–9.
74. Johnson JR, Burnell-Nugent M, Lossignol D, Ganae-Motan ED, Potts R, Fallon MT. Multicenter, 

double-blind, randomized, placebo-controlled, parallel-group study of the efficacy, safety, and 
tolerability of THC:CBD extract and THC extract in patients with intractable cancer-related pain. 
J Pain Symptom Manage. 2010;39:167–79.

75. Portenoy RK, Ganae-Motan ED, Allende S, Yanagihara R, Shaiova L, Weinstein S, et al. Nabiximols for 
opioid-treated cancer patients with poorly-controlled chronic pain: a randomized, placebo-controlled, 
graded-dose trial. J Pain. 2012;13:438–49.

76. Lynch ME, Cesar-Rittenberg P, Hohmann AG. A double-blind, placebo-controlled, crossover pilot trial 
with extension using an oral mucosal cannabinoid extract for treatment of chemotherapy-induced 
neuropathic pain. J Pain Symptom Manage. 2014;47:166–73.

77. Aminilari M, Wang L, Neumark S, Adli T, Couban RJ, Giangregorio A, et al. Medical cannabis and 
cannabinoids for impaired sleep: a systematic review and meta-analysis of randomized clinical trials. 
Sleep. 2022;45:zsab234.

78. Waissengrin B, Urban D, Leshem Y, Garty M, Wolf I. Patterns of use of medical cannabis among Israeli 
cancer patients: a single institution experience. J Pain Symptom Manage. 2015;49:223–30.

https://doi.org/10.37349/emed.2023.00138

	Abstract 
	Keywords 
	Introduction 
	Materials and methods 
	Participants 
	Baseline appointment 
	Two-week ad libitum use period 
	Acute administration appointment 
	Measures 
	Demographics 
	Substance use 
	Psychological functioning 
	Sleep quality 
	Pain intensity and interference 
	Health-related quality of life 
	Subjective cognitive function 
	Subjective drug effects 
	Objective cognitive functioning 
	Circulating cannabinoids 

	Statistical analysis 
	Sustained effects 


	Results 
	Participants 
	Ad libitum use 
	Sustained effects 
	Sleep quality 
	Pain 
	Psychological functioning 
	Quality of life 
	Subjective cognitive functioning 

	Objective cognitive functioning 
	Acute effects 
	High 
	Pain 
	Anxiety 

	Objective cognitive functioning 

	Discussion 
	Overview 
	Conclusion 

	Abbreviations 
	Supplementary materials 
	Declarations 
	Author contributions 
	Conflicts of interest 
	Ethical approval 
	Consent to participate 
	Consent to publication 
	Availability of data and materials 
	Funding 
	Copyright 

	References 

